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Two variant. of RN ft. Vg!ey fever *:rua h=-- b~c i~olid LhA L

differ froM each vther in plaque aize. The biological character-
tmtie of theme isolates have bean investigated in vivo and In vitroThe aid• of both variantsa Jvhpr#i wen IWAE dEAE tran wsa added tothe agar overlay. The plaque size of both variants was equallyreducu.a by low concentrations of sodium blcarbonate in the overlay,

all'houlh tho ifnectivity wce aec affected. Ccwg'4ade4 with the large-
plaque virus, the asmall-plaque isolate ma more readily adsorbed,
more stable at 56 C, grow fadter, and had a higher virus yield from
muaolayers of mouse fibroblast cells. The large-plaque virus
required 100 imes more plaque-forming units to kill mice by the
intraperitone-al route of inoculation than the small-plaque, and
also produced a delay in death of the inoculated mice.
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Rift Valley fever (RiVr) virus has been propagated end assayed in a
variety of cell cultures.' In the plaque ass8y of this vIr-us, p!aquea
uf v*iyLg sizas warn oha.'yd in titration. of viru• either be~ic or
aftor passage in mouse fibroblast cell cultures. Two variants wvs•
selected, banad upon plaque size, and were designated small-ptaiue (SP)
m__A l.rg~ll.q iit (LP) variants. Tis repurt deals with nmo of the
charactertstksc of these isolates.

II. MATERIALS AND METHODS

A. TISSUE CULTURE

The mouse fibroblast (WUL) cello used in these experiments verae similar
to the L call in morphology, keryology, and antigenicity. The medics
employed it these cultures was Medium 1992 containing 10% calf serum,

B. VIRUS I
Serum obtained during the viremic .,ase of RVF virus Infection of

young lambs, hereafter called infected-lamb serum (LS) virus, was the
seed stock. This virus was pasoed three times in the MFL cells and
designateJ W3. The ;!a=r vrxj&uLx were seiected from the assay of

F this third tissue-culture passage on the basis of size. Each vaziant
. was plaque-purified fcour additional times in WL cells. The LP and

SP viruses vere parsed a total of five and six times, respectively,
in NFL cells.

C. PIAQUE TITRATION

The plaque assay method employed was a modification of that described
previously. 3  Two-ounce prescription bottles were inoculated with 5 ml
of suspension containing 500,000 IWL cells per ol. After 24 ho•urs, the
monolayers were washed and inoculated with 0.1 al of an appropriate virus I
dilution. Following a 1-hour adsorption period s primary aaar overlay

* -W4s added canaiatiug of Medium i99, 1% Noble's agar, 20% calf serum, and
0.01% DEAE dextrAn. Three days later the second agar over'.'y was added
that was identical to the first in composition but also contained 0.007%
neutral red. Plaques were visible 1 day later but were enumerated and
measured 2 days later.



D. K'iIJU5E ASSAY

'Thi /LUM LiLrations in nice (Swisi-4Iebeter, 10 to 14 g) were carried
h-t by the nt aperacrliial ("Z) ,r by mhe tutraerebrai (IC) r'otea of

inaclcation and endpoints were ;weaesaed an HIPLDo and MIC[LW reupectively.

E. TUBE TITRATiION

-fhe tuba titra.I ioZ of RVF virus in MrL calls were performed with a
serum-free maintenance medium that has been described previously.3 The
endpoints were expressed am the mediani dose producing a cytopathic effect;
(CPEDgaO.

M. ESUJLS AND DISCUSSOOl

The pare.nt tissue culture virus, TC, produced plaque. under agar with
diameters varying between I and 6 mm. These plaques were visibie prior
to staining, but only the larger plaques could be enumerated. The plaque
variants were picked from the double agar overlay 5 days after the cells
were infected. The ioolatas were selected from each of four additional
passages and each continued to breod true. Both the Large and small plaques
were clear with sharply defined borders.

Both variants exhibited a cytopathic effect in HYL cells as well as iv
primary chick embryo fibroblast cells. Infected cultures showed cytoplasmic

,•l~ii, crunding of the ceiia with subsequent lysis, and sloughing of the
cells from the glass. Homologous antisera prepared in mice and lambs neu-
tralized the corresponding plaque variant as well as an.esera prepared
against the parent tissue-culture virus. Calf serum kncown to cntaeAn
antibodies against RVF virus neutralized both variants.

A. SIZE AND DISTmmBvrIOm

The size distribution of the variants is shown in Figure 1. The diameters
of the plaques of the SP virus ranged from I om to 3 mm, with a mean of 1.5
mn. The plaques produced by the LP virus ranged in diameter from 4 to 7 m,
with a mean of 5.6 =. Continued incubation at 37 C resulted in increased
size. The LP plaques reached 10 to 12 mm 8 days after infection, The SP

plaques never enlarged beyond a diameter of 3 M.
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Figure 1. Distrhbution of Plqque Size for the SP and LI Variants of RVF Viruir
5 Days after Inoculatiou. 1he mean diameters of the plaques were

1.5 and 5.6 uu, regpectively.
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B. ADSMIMTON'

&i examinlatio of the adsorption rates of these variants revealed what
is probably the most sig~nificant factorr in explainiu, uZthe differelme in
grOWLh ZALCO=d , yilds4 v! virxi, frvm Luie[L•te crII L-imvI-olusoa. TýAble 1
shows that rwisan adenrption• of the- SP variaent occurred t-1thin 30 minutes,
L"t orly -a-t,,ir ...... 1-0 -vrusa h~ad bt-e.= -. zorbed d=4--- th- .... per

adsorption period may a&CCuat for the de.-_ressed nu-Aber of plaques. These
findings are similar to those reported by Nagai and Haumwn with Japanese B
encepha litis virus.4

TAS•LE 1. EFFECT][ OF ADSORMTZN TI[ME OIN THE N1E
OF PLAQUE VARIAN-S OF RMF VALLEY FEVER VIRUS

Adsorption Time, Number of
V irus minutes PlAque s

small -P laque 15 34
Variant 30 42

60 42
90 41

120 4.0

Large -Plaque 15 8
LVariant 30 12

L91 37
120 35

I

C. EFFECT OF BICARBONTE CONCETMI"ONI

The influence of varying the concentration of sodieum bicarbonate in the
agar overlay was em iened o ith eachi of the variante. Biaeosnate concen-
trations employed vmried from 0 to 2.8 g/liter. The results (Table 2)
showsA that the plaqud size of both variants decrs-ed as the b30armnate
concentration decreased. Although the number of plaques produced by the

LP virus was not affected, the number of SP plaques was reduced with
diminishing concentrations of bicarbonate. Thia reduction in the number

of SP plaques may have been due to a decrease in plaque size beyond the
lnalits of visibility.
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TABLE. 2, INt.1LWENCE (W SODIUM SIA-C1?ATE C=1 ETrA.T1GO
C44i zi;E Aku 'iii'f (Wg eAQIuE VARIANTS

Concentratim'

iu OverlAy, T__rer_-/ Averae Size, mm
grams/liter Small Plaque Large Plaque Sww11 Plaque Large Plaque

2.8 8.0 6.7 1.5 5,6
1.7 7.8 6.8 1.2 3.6
1.1 7.9 6.8 1.0 3.0
0.3 7.5 6.8 0.5 2.5
0.0 7.6 6.8 0.5 2.0

a. Loagl FPu/ml.

D. EFFECT OF AGAR INHIBITOR ON 'LA.QUE SIZE

Reports earlie° 0 e ohbwed that some mutants of encephalomyocarditis
virus and poliovirus were affected by a polysaccharide inhibitor in agar
that resulted in the production of smail plaques. Later, it was reported
that the plaque diameter of one type of western equine encephalitis virus
was increased by the addition of diethylaminoethyl (DEAE) dextran to the
agar overlay medium.'

To determine the effects of the agar polyssccharide on these plaque
v*riants of EVF virus, various concentrations of DEAE dextran were added
to the agar overlay. The results of these experimnits are ahoin in
Table 3. Both the size and number of plaques produced were reduced in
the absence of the dextran. A concentration of at least 100 "g of DEAE
dextran per ml of overlay meditum was required for maximum size and number
of plaques observed with both variants. Unlike sr.e viruses, the large-
plaque variant was as sensitive to the inhibitor in agar as was the small-
plaque variant, and both variants produced larger plaques with the addi-
tion of DEAE dextran.

E. REAT STABILITY

The hett stability of each variant was examined and compared withthat of the parent TC virus. Virus suspensions were prepared in a serum- j
free malitenance mediumt with a final n-4 mf 7,6. The suspenei-" wrcr
placed in a 56 C water bath and at various intervals samples were removed
and chilled in an ice bath. The samples were assayed by the plaque tech-
nique and the results are shown in Figure 2.



TABLE 3. EF"ECTF OF DE\,'• DEX'IF4AN ON THE NIIMHFIR
ANTI ST;,' OF PLAQUES FORMED BY VARM•ITS

OF RVY VIRUS

ConcenLtaLf- JL 
f:fVI-,0 D•:ý-E L'Cxtran Lr/ml zatzc,/ Va Vaqua&'-!

Small Plaque 0 0.5 16
50 2.0 26

ItU L. 40

200 2.5 42

Large Plaque 0 4..0 25
50 5.0 28

I00 6.0 31
200 6.0 39

a. Averag. of approximately 50 plaques.
b. Average number in triplicate uamples,
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Figure 2. 'itability if Parent RVF ViJrua

and the Viriants at 56 C.
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The ntability of the parent TC virun .and the SP virus appeared to bLe
Comparable after trne first 30 minutes, The initial inactivation of the

virus was rapid, 8uggetLIng a heterogeneous populAtion nf viru, In n'ful
of thermal atability. The rate cf inactivation of the LP vartant was

greater than that of the others teoted but the inactivation cur-e aug-

geated a rather honogeuecuu population.

F, GROý "H OF VARIANTS

Growth of each variant was studied by inoculating MFL cells with a

multiplicity of 10. The virus was allowed to adsorb for 2 hours at 37 C,
after which fresh medium was added. At 2-hour intervals infected cultures
were removed, frozen and thawed twice prior to plaque assay. Theme

results are shown in Figure 3.

Both variants had a 6- to 8-hour lag period. The SP virus replicated
more rapidly and yielded a higher final titer, probably because of its

greater efficiency of adsorption. The reduced adsorption rate and thermal

lability of tne unadsorbted LP virus undoubtedly resulted in a lower effec-
tive inoculum multiplicity of this virus as compared with the SP virus.

G. INFECTIVITY

The SP and LP variants were compared with the TC parent and LS viruses
by intraperitoneal (IP) and intracerebral (IC) inoculation of mice and by

their capacity to produce a cpe and form plaques on MFL cell monolayers.

The relative infectivity of the four viruses is shown in Table 4 as ratioa
of the PFU endpoint to the mouse tests or cpe titers. By IP inoculation

of mice the LS virun wae the. moat viilpnrn•.nd the LF vir-e wee the oeast

!, virulent. By that test the SP virus was 100-fold higher in virulence than
Sthe LP variant. Similar findings were seen by IC inoculation of mice;

however, che SP virus showed only a 50 ,fold increase in virulence compared
with the LP virus. All four strains were comparable in their ability to

cause a epe in tube cultures of NFL cells.

Further evidence for the reduced virulence of the U' virus was shown
in the delay of death of infected mice. To eliminate the possibility that

variable doses might invalidate the comparisons, the variants and TC virus
were appropriately diluted so that each mouse inoculated received 200

MIPLD5 doses by the IP route. The number of deaths occurring on each day

were recorded and are shown in Table 5. Similar results have been obtained
repeatedly with different cell passages of the LP virus.

K]



121

0 El 0

/ UU

C4i

4 i4IP

al -

ON U'

IW ~dn~dOfO



13

TAI!IX 4. FEL&TIVE INFECTIVIT" OR T-.•
PARENT (TC) AND PiAqUX VARTANTS

OF RIFT VALLEY FEVER VIRUS

Virus
Ti.t •r Ratio Sr LP LV 11C

PFU 8,4 7=2 9.1 7,8
PFU/MIPLD90 8 800 0.08 8
PFU/MICLD& 0.5 25 0.02 6
PFUICPEDN 1.2 1.2 1.0 1.2

TABLE 5. CUMULATIVE MOUSE DEATHS OBSERVED
WITH THE PARENT (TC) AND PLAQUE VARIANTS

OF RIFT VALLEY FEVER VIRUS-•

Virus

Days Post infection•b/ TC LP SP

! 0 0 0
2 7 0 10
3 24 6 27
4 30 23 32
5 31 30 30
6 31 32 32
7 31 32 - 3,

mean day of deaths 3.0 4.2 2.8

a. 200 MIPLD%0 doses.

b. Inoculated by intraperitoneal route.

Although these variants were isolated only on the basis of their

difference in planue size, these results suggeoit that the isolates are
true variants of AVF virus and not the result of components suclU: as
inhibitors that are in the test mysteme_ Furth.rm.orc, -ni-e p-eviuus
reports" of the reduction of plaque size associated with attenuation
of some viruses, the small-plaque isolate of RVF virus was more virulent
than the large-plaque isolate.
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